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Recent BICEP2 results on CMB polarisation B-modes suggest a high value for the inflation scale
V
1/4
0 ' 1016 GeV, giving experimental evidence for a physical scale in between the EW scale and
the Planck mass. We propose that this new high scale could be interpreted as evidence for a high
SUSY breaking scale Mss ' 1012− 1013 GeV. We show that such a large value for Mss is consistent
with a Higgs mass around 126 GeV. We briefly discuss some possible particle physics implications
of this assumption.
Introduction. The BICEP2 collaboration has recently
reported the measurement of cosmological B-mode po-
larisation in the CMB [1]. The observed tensor to scalar
ratio r = 0.20+0.07−0.05 is unexpectedly large. Since r is re-
lated to the energy scale of inflation V0 by
V
1/4
0 ' 2× 1016
( r
0.20
)1/4
GeV (1)
these data give first experimental evidence for the ex-
istence of a new physics scale in between the EW and
Planck scales. This fact, if indeed confirmed, has impor-
tant implications for particle physics. The value of V0
could suggest this scale could have something to do with
a GUT scale MX ' 1016 GeV. On the other hand, if one
thinks that SUSY is a fundamental symmetry of the SM
which is spontaneously broken at some scale, one could
think that the height of the inflation potential could be
of the same order as the height of the SUSY breaking
scalar potential. In particular the latter is expected to
be of order
Vss ' (m3/2Mp)2 (2)
with m3/2 the gravitino mass, which also gives us the typ-
ical size of SUSY breaking soft terms. Then the BICEP2
results could be pointing to a SUSY breaking scale
Mss ' V
1/2
0
Mp
' 1013 GeV . (3)
Specifically, the simplest inflation model in agreement
with BICEP2 data is given by the simple chaotic infla-
tionary model [2] with
VI =
m2I
2
φ2 . (4)
The inflation mass mI in chaotic inflation, in which φ
reaches Mp at inflation would be of order 10
13 GeV. It
could also be slightly lower, mI ' 1012 GeV, if, e.g.,
one takes into account possible corrections coming from
dim> 4 polynomials in φ, see e.g.[3]. In the present
scheme, the inflaton mass parameter could be generated
by broken SUSY, suggesting Mss ' mI ' 1012 − 1013
GeV. Note that we are not claiming that low energy
SUSY, with soft terms at the TeV scale is in conflict
with the BICEP2 results. Only that it would require
the height of the inflaton potential to be much higher
that the SUSY-breaking scalar potential. This may lead
to problems e.g. in scenarios in which there are mod-
uli whose vevs are fixed upon SUSY breaking, see e.g.[4]
(see also e.g.[5] for other inflationary schemes with large
SUSY breaking).
In what follows we will assume that the BICEP2 re-
sults are indeed pointing to a SUSY-breaking scaleMss '
1012−1013 GeV and derive some consequences. In partic-
ular its consistency with the observed Higgs mass value.
See [6, 7] for other recent papers on implications of the
BICEP2 results.
Intermediate SUSY breaking scale and Higgs mass. If
this new scale is present, the EW hierarchy problem be-
comes even more pressing, since loops involving the heavy
states associated to the new scale will presumably give
quadratic large contributions to the Higgs mass which
cannot be ignored. On the other hand, with SUSY bro-
ken at such high scales [8] , it will not be relevant for the
solution to the hierarchy problem. It seems then that
the Higgs mass should be somehow fine-tuned to survive
at low-energies. There are however additional reasons to
believe that a SUSY extension of the SM could still apply
at some energy scale, though possibly a very large one. In
particular, supersymmetry is a built-in symmetry inside
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2string theory, which is the leading candidate for an ul-
traviolet completion of the SM, including gravity. Also a
SUSY version of the standard model guarantees stabilty
(absence of tachyons) for the abundant scalars appearing
in generic string compactifications. On the other hand
the existence of a string landscape may provide a ratio-
nale for understanding the origin of fine-tuning.
Irrespective of any string theory arguments, having
SUSY at some (possibly large) scale may solve the stabil-
ity problem of the Higgs scalar potential. Indeed, if one
extrapolates the value of the Higgs SM self-coupling λ up
in energies according to the RGE, the top quark loops
make it to vanish and then become negative at scales
of order 1011 − 1012 GeV, signalling an instability (or
metastability) of the Higgs scalar potential at very high
energies [9, 10]. If SUSY is restored around those ener-
gies, the Higgs potential is automatically stabilised, since
a SUSY potential is always positive definite. In addition
to stabilising the Higgs vacuum, high scale SUSY break-
ing may provide an understanding of the observed value
of the Higgs mass [11–14] (see also [15]). Specifically, in
[13] it was shown that, a SUSY breaking scale above 1010
GeV generically gives rise to values mH = 126 ± 3 GeV
for the Higgs. Let us see how this comes about. Let us
assume for simplicity that above a large SUSY-breaking
scale scale Mss one recovers the MSSM structure. The
Higgs sector then has a general mass matrix(
Hu , H
∗
d
)( m2Hu(Q) + µ2(Q) m23(Q)
m23(Q) m
2
Hd
(Q) + µ2(Q)
)(
H∗u
Hd
)
(5)
where Q is the running scale, and µ is a standard MSSM
mu-term. For a SM Higgs boson to remain light below
the Mss scale one has to fine-tune
det
(
M2H(Mss)
)
= 0 . (6)
This could happen if, at a unification scale Q = MX the
mass matrix has only positive eigenvalues and then at the
lower running scale Q = Mss the determinant vanishes.
The fine-tuning condition is
(m2Hu(Mss)+µ
2(Mss))(m
2
Hd
(Mss)+µ
2(Mss)) = m
4
3(Mss)
(7)
and then one can check that the linear combination
HSM = sinβHu + cosβH
∗
d remains light and becomes
the SM Higgs field. Here the mixing angle is given by
tanβ(Mss) =
∣∣∣∣∣m2Hd(Mss) + µ2(Mss)m2Hu(Mss) + µ2(Mss)
∣∣∣∣∣
1/2
, (8)
while the Higgs self-coupling at Mss is given by the
MSSM boundary condition [8, 16]
λSUSY (Mss) =
1
4
(g22(Mss) + g
2
1(Mss)) cos
22β(Mss) .
(9)
A natural additional condition to impose is that mHu =
mHd at the unification scale MX . This happens in a
variety of models including most GUT’s and string theory
frameworks. Note that one then has tanβ = 1 at the
unification scale, but it runs to a value tanβ > 1 at Mss.
Still cos22β remains small, explaining why the Higgs self-
coupling is close to zero at scales Mss > 10
10 GeV. One
can compute the value of tanβ at Mss by running it down
to the Mss scale. The computation turns out to be quite
independent on the choice of soft terms for the running,
as long as they are all of the same order of magnitude.
There is a mild dependence on the µ parameter that we
will show explicitly below. One can then obtain the value
of the self-coupling in eq.(9) by inserting the value so
obtained for β. The EW gauge couplings g21,2(Mss) are
obtained running up their experimental value from the
EW scale. Once we know the value of λSUSY (Mss), one
can then finally run it down to the EW scale and compute
the Higgs mass from m2H(QEW ) = 2v
2(λ(QEW )), see
[13] for the relevant RGE, thresholds and other details.
Results. In the present case we are identifying Mss
with the value of V
1/2
0 /Mp suggested by BICEP2 data.
We have performed a computation of the value of the
Higgs mass under the assumption that this is the SUSY
breaking scale and that tanβ = 1 at the unification scale.
The unification scale is fixed by identifying it with the
scale at which the g2 and g3 SM gauge couplings unify, as-
suming there are threshold corrections which make them
consistent also with unification with g1. The required
threshold corrections may come from a variety of sources.
For example, if the U(1)Y slightly mixes with a hidden
U(1) the hypercharge normalisation slightly changes in
the correct direction, see e.g. [19, 20]. The resulting
unification scale is MX = 10
16, also consistent with the
BICEP2 results for V
1/4
0 . In our computation we have
performed the running of gauge and Higgs couplings at
two loops, and the running of the soft terms in the range
Mss −MX to one loop. We also included SM threshold
corrections at the EW scale and soft terms dependent
threshold corrections at Mss, see [13] for details of the
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FIG. 1. The scale Mss = mI ' V 1/20 /Mp versus the Higgs
mass computed for three values of µ. The bands correspond to
results using the one sigma values for mtop = 173.3±0.7 from
the LHC+Fermilab average [17]. The vertical band gives the
measured Higgs mass at LHC [18]. The thin horizontal line
corresponds to the SUSY breaking scale V
1/2
0 /Mp obtained
from the observed tensor ratio r using eq.(1).
required computation as well as references.
The results obtained are shown in fig.1. The verti-
cal band shows the 1σ values for mH = 125.9 ± 0.4
[18]. The horizontal thin band corresponds the the SUSY
breaking scale V
1/2
0 /Mp computed from eq.(1) in terms
of the tensor ratio r. The wider horizontal line ex-
tending it to 1012 GeV allows from uncertainties from
e.g. dim> 5 operators. For the computation of tanβ
we have chosen for defniteness universal soft parame-
ters m20 = |M |2/2, A = −3M/2 with M the gaugino
mass, although the results are quite insensitive to the
soft term structure. There is however a sizable depen-
dence on the Higgs µ-parameter, and we display results
for µ = −2M,−M,−M/2 (the sign has negligible impact
in the results though). One sees that for a value of the
top-quark within 1σ of the LHC-Fermilab average [17],
indeed the Higgs mass is consistent with the measured
value of the potential energy at inflation being related to
the SUSY breaking scale as Mss = V
1/2
0 /Mp. This is the
main result of this note.
Final comments. If the scheme here proposed is cor-
rect, it would seem that the SUSY breaking scale would
be about the maximum one compatible with the restora-
tion of the Higgs potential stability. If Mss had been
higher than ' 1013 − 1014 GeV, a Higgs minimum lower
than the SM one would have developed. But the fact
that Mss is so high makes the inflation energy V0 high
enough so as to leave a sizeable imprint in the tensor
modes of the CMB. We would have been quite lucky, a
lower value for Mss would have made the tensor modes
undetectable. So although such a large Mss scale would
have made SUSY undetectable at LHC, at least it could
have left its imprint in the CMB.
Let us close this note with a few comments on addi-
tional implications of the existence of a such large SUSY-
breaking scale Mss ' 1012−1013 GeV. The fact that the
extrapolated Higgs boson self-coupling λ approaches zero
(if one includes 2σ errors for the top-quark mass) not far
from the Planck scale, and that the correspondding β
function is also numerically close to zero at those scales,
has been suggested as a hint for a conformal symmetry at
the Planck scale [21]. The observation of BICEP2 points
to a new fundamental mass scale below Mp, making that
possibility unlikely. On the other hand large interme-
diate scales have been considered in particle physics in
a variety of contexts. In particular a Majorana right-
handed neutrino mass of the same order ' 1012 − 1013
GeV, would be consistent with appropriate sea-saw neu-
trino masses for the left-handed neutrinos. In a differ-
ent vein, in a scheme with such a large SUSY mass, the
neutralinos are not available to become the dark matter
in the universe. A natural candidate in this situation
would be an axion. In fact the BICEP2 measurements
strongly constraint also the allowed axion decay constant
fa. In particular high scale CDM axions with fa > 10
14
GeV would be ruled out. Such axions would create large
isocurvature fluctuations which are severely constrained
by Planck data [7]. Finally, the existence of a mass scale
V0 ' (1016)4GeV4 'M4X , with MX the unification scale,
makes plausible the generation of proton decay operators
which could lead to detectable signatures at underground
experiments.
While this connection between the Higgs mass and
the inflation scale is very attractive, it remain mysteri-
4ous how a simple polynomial scalar potential with ultra-
Planck field values can make sense in a putative ultravio-
let completion of the theory. In particular, in the context
of string theory there are two new mass scales which are
the compactification scale Mc and the string scale Ms.
In the simplest situations those two scales are very close
and of order the unification scale, MX 'Mc .Ms Mp
(see e.g. [22] for a discussion of these). Above a scale of
order 1016 GeV a 4D field theory no longer makes sense
and one cannot ignore, at least in principle, the KK and
string excitations. Thus the apparent success of such sim-
ple field theory scalar potentials is somewhat surprising
in the string context. The BICEP results are giving us
invaluable information which hopefully will shed light on
the UV completion of the SM.
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